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The metabolic underpinning of eating disorders: a systematic review and meta-analysis of insulin sensitivity  
 
AUTHORS: 
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ABSTRACT 
Background 
A recent study reported a positive genetic correlation between anorexia nervosa and insulin sensitivity using data from genome-
wide association studies. Epidemiological studies have, on the other hand, suggested that bulimia nervosa and binge-eating 
disorder are associated with decreased insulin sensitivity. The aim of this study was to conduct a systematic review and meta-
analysis of insulin sensitivity across the spectrum of eating disorders. 
Methods 
EMBASE, Medline, and PsycINFO were searched for all relevant studies published until January 2017, and retrieved studies were 
assessed for eligibility by two independent reviewers as per predefined inclusion criteria. The associations between eating 
disorder subtypes and insulin sensitivity were analysed separately. Individual effect sizes were standardized, and a meta-analysis 
was performed to calculate a pooled effect size using random effects.  
Results 
Of 296 citations retrieved, 22 studies met the inclusion criteria, and 12 studies had appropriate data for meta-analysis. Using the 
random effects model, the pooled effect size (95% confidence interval) was 1.66 (0.79, 2.54) in people with anorexia nervosa 
(n=340) and -0.57 (-0.80, -0.34) in people with bulimia nervosa (n=120) and binge-eating disorders (n=3,241). 
Interpretation 
Anorexia nervosa is associated with increased insulin sensitivity whilst bulimia nervosa and binge-eating disorders are associated 
with decreased insulin sensitivity. The possible mechanism underpinning these findings needs to be determined. 
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INTRODUCTION 
Many studies have reported increased insulin sensitivity during the acute phase of anorexia nervosa (AN) (Prince et al., 2009). 
This observation has been attributed to be a consequence of dietary restriction and weight loss leading to loss of fat mass. 
However, a recent study using linkage disequilibrium score regression reported a negative genetic correlation between AN and 
insulin resistance (rg=−0.50, standard error (SE)=0.11, p=1.3×10
−5
) (Duncan et al., 2017). This suggests that insulin sensitivity and 
AN share a common genetic variation.  To date, there has been no study examining genetic correlations between bulimia 
nervosa (BN) and binge-eating disorder (BED) with metabolic traits, including insulin resistance. Clinical studies have found that 
both BN and BED may be associated with reduced insulin sensitivity (Raevuori et al., 2015, Mitchell, 2015). The aim of this study 
is to systematically examine insulin sensitivity across the spectrum of eating disorders.  
 
RESEARCH DESIGN AND METHODS 
Data sources and study selection 
The following electronic libraries—EMBASE (1947 to January 2017), MEDLINE (1948 to January 2017), and PsycINFO (1806 to 
January 2017)—were searched to identify all relevant studies published until January 2017. The search was not restricted by 
language. Databases were searched using a series of logical combinations of keywords and Medical Subject Headings (MeSH) 
terms (Supplementary Table 1). The MeSH terms used for the article search were as follows: eating disorders, AN, BN, BED, 
insulin resistance, and insulin sensitivity. The titles and/or abstracts of the documents retrieved by the search strategy were 
screened for eligibility by two independent reviewers (AI and CK), and clearly irrelevant studies were excluded. Any 
disagreements were resolved through discussions and mutual dialogue. The full texts of the remaining studies were then 
retrieved and read in full to determine whether the predetermined inclusion criteria were met. 
 
Inclusion/exclusion criteria 
Published and unpublished studies were considered for data extraction if they met the following criteria: i) both an eating 
disorder and control group were present; ii) a diagnosis of either AN, BN, or BED was reported; iii) either an association between 
eating disorder and HOmeostasis Model Assessment of Insulin Resistance (HOMA-IR) was reported, or mean HOMA-IR values 
were recorded for both control and eating disorder groups. HOMA-IR is a method of assessing insulin resistance from fasting 
plasma insulin and fasting plasma glucose concentrations in humans and is the opposite of insulin sensitivity (Matthews et al., 
1985); iv) participants were aged ≥14 years; v) the design was cross-sectional, observational, or a randomised controlled trial. 
Studies with samples which included patients with any type of diabetes (who were not separated from non-diabetic 
participants), and duplicate publications or sub-studies of included trials were not included.  
 
Data extraction 
For studies that met the inclusion criteria, data extraction was conducted using a standardised data extraction sheet and the 
following information (if available) was recorded: first author; year of publication; country; study design; sample size; age; sex; 
body mass index (BMI); eating disorder type; method of eating disorder assessment; method of insulin sensitivity assessment; 
and covariates adjusted for in the analysis. In instances where the full text was unavailable, corresponding authors were 
contacted via email. 
 
Quality assessment 
The methodological quality of the studies was assessed using the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement for randomised controlled trials and the Epidemiology (MOOSE) guidelines for observational 
studies (Moher et al., 2009, Stroup et al., 2000).  Areas assessed for study quality included suitability of study design, participant 
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recruitment, ascertainment of eating disorders type and insulin sensitivity, and controlling of cofounders. Studies were classified 
as being of high quality if prospective in study design; utilised random or consecutive sampling; ascertained an eating disorder 
diagnosis using a structural diagnostic interview based on Diagnostic and Statistical Manual of Mental Disorders, fourth edition 
or above (DSM-IV, DSM IV-R, DSM-5) or International Statistical Classification of Diseases and Related Health Problems 10
th
 
revision (ICD-10) (American Psychiatric Association, 1994, American Psychiatric Association, 2000, American Psychiatric 
Association, 2013, World Health Organization, 1992); and accounted for confounding variables (including age, sex, physical 
activity, BMI, measures of adiposity, including waist circumference, waist-to-hip ratio, smoking status, alcohol consumption, 
socioeconomic status and educational attainment). 
 
Primary outcome of interest 
Insulin sensitivity using the HOMA-IR is the primary outcome of interest. Studies which reported mean HOMA-IR were included 
in both the systematic review and meta-analysis. Studies which did not report mean HOMA-IR were included in the systematic 
review only, as we did not have access to individual levels of fasting plasma insulin and fasting plasma glucose. 
 
Data synthesis and meta-analysis 
Analyses were conducted using the statistical package ‘metafor’ in the open sourced software R v3.3.3 (www.r-project.org). 
Given that HOMA-IR is a measure of insulin resistance which is the opposite of insulin sensitivity, effect sizes were reversed so 
that a positive effect size indicated increased insulin sensitivity in the clinical group. The standardized mean difference in insulin 
sensitivity between the clinical and control group was the primary effect size, determined using Hedges’ adjusted g (Hedges, 
1981). A fixed-effect model was deemed inappropriate as significant differences were anticipated in procedures and study 
populations between studies, and as such a random-effects model was performed as the basis of our analysis. 
 
The random-effects model assumes that the heterogeneity in the differences between clinical and control groups in insulin 
sensitivity is purely due to random sampling. Clinical and methodological differences among the studies included in a meta-
analysis may leads to statistical heterogeneity, The differences observed can be in part systematic and related to clinical study-
level variables (moderators), such as BMI. Analysing the effect of potential moderators can reduce type 1 error. Both the i) mean 
BMI of the clinical group and ii) differences in BMI between clinical and control groups as potential moderators were therefore 
explored in the meta-regression analyses. In addition, eating disorder subtypes as a potential moderator were also examined in 
the combined analysis of BN and BED. 
 
Publication bias  
The presence of publication bias was examined by visual inspections of funnel plots (Egger et al., 1997). It was quantified 
statistically via Begg and Mazumdar's adjusted rank correlation and Duval and Tweedie's “trim and fill” method (Begg and 
Mazumdar, 1994, Duval and Tweedie, 2000). Outliers were confirmed statistically through calculation of Cook’s distance (Di), 
using 1 as a cut-off. In sensitivity analyses, studies exceeding the cut-off were individually removed (starting with the study with 
the largest Di) until the funnel plot was assessed to be symmetrical. Statistical testing of effect size, heterogeneity, and 
publication bias were then repeated at each iteration. 
 
Secondary analysis 
Eating disorder psychopathology is closely linked to BMI and BMI is also associated with insulin sensitivity, we therefore 
conducted a secondary analysis examining the impact of BMI on insulin sensitivity. We first divided the studies into two 
subgroups depending whether both clinical and control groups were i) matched or ii) non-matched on BMI. Groups were 
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classified as matched if there was no significant difference in mean BMI between the clinical and control groups, with 2-tailed 
p<0.05 being deemed as significant. We then repeated the meta-analysis in the two subgroups separately. In addition, we were 
unable to verify whether there was any sample overlap between the three studies from Dostalova team (Dostalova et al., 2006, 
Dostalova et al., 2007, Dostalova et al., 2008), we therefore re-analysed the effect size of insulin sensitivity in people with AN, 
omitting two earlier studies from Dostalova team (Dostalova et al., 2006, Dostalova et al., 2007). 
 
RESULTS 
Study selection 
The initial literature search yielded 362 records, of which 296 were unique. Of these, 117 were considered for abstract review, 
and 60 for full-text review. The full text was inaccessible for 1 study and 35 studies did not meet the inclusion criteria, and were 
therefore excluded (Figure 1). In total, 22 studies were included in the systematic review. Of the 22 records which met the 
inclusion criteria for systematic review, 10 studies were excluded for the meta-analysis. 8 studies were excluded because they 
did not have a measure of variance for mean HOMA-IR.  One study was excluded because HOMA-IR was reported separately for 
good and poor treatment response in the AN clinical group (Yasuhara et al., 2003) and another study reported a single F-value 
with 2 degrees of freedom for the difference in HOMA-IR between the BED, subjective (i.e. non-clinical) BED, and control group, 
and therefore the effect size between the clinical BED and control group could not be determined (Geliebter et al., 2005). As 
such, 12 studies were included in the meta-analyses, one of which had data for both AN and BN and was therefore used in both 
analyses (Tagami et al., 2004). 
 
Anorexia Nervosa 
Thirteen studies of patients with AN were included in the systematic review, with a total of 572 participants (307 AN cases and 
265 controls), all of whom were female (Table 1) (Broglio et al., 2004, Dolezalova et al., 2007, Dostalova et al., 2007, Dostalova 
et al., 2006, Dostalova et al., 2008, Fazeli et al., 2010, Maimoun et al., 2016, Nogueira et al., 2013, Tagami et al., 2004, Tanaka et 
al., 2003, Victor et al., 2015, Weinbrenner et al., 2003, Yasuhara et al., 2003). All thirteen studies were observational and used a 
case-control design. Total sample sizes ranged from 16 to 102 participants. Mean (SD) age of participants with AN and controls 
ranged from 16.5 (2.0) to 25.5 (8.1) and 15.7 (1.7) to 30.6 (8.2) respectively. Mean BMI (SD) of patients with AN and controls 
ranged from 13.1 (0.2) to 16.4 (1.4), and 20.3 (1.3) to 23.0 (2.8) respectively. Mean HOMA-IR (SD) was reported in ten of the 
thirteen studies and ranged from 0.4 (0.2) to 2.1 (0.5) in patients with AN, and 0.9 (0.2) to 3.1 (1.9) in controls. The diagnosis of 
AN was classified according to DSM-IV in twelve studies, and DSM-IV-TR in the remaining study. 
 
Eight studies have the appropriate data for the primary meta-analysis (n=340) (Dolezalova et al., 2007, Dostalova et al., 2007, 
Dostalova et al., 2006, Dostalova et al., 2008, Maimoun et al., 2016, Nogueira et al., 2013, Tagami et al., 2004, Victor et al., 
2015). A random-effects meta-analysis revealed a large pooled estimate of the mean standardized effect sizes (g=1.66; 95% CI: 
0.79, 2.54; Figure 2), with the effect sizes ranging from g=0.61 to g=5.34. Heterogeneity between the studies was statistically 
significant (Q=35.6, p<0.0001) and large in magnitude (I
2
=91.3%). Visual inspection of the funnel plot suggested some 
asymmetry, but the Begg’s rank correlation test was non-significant (τ=0.214, p=0.548), and the trim and fill sensitivity method 
did not hypothesise any negative unpublished studies, implying an absence of publication bias. No studies had a Cook’s distance 
exceeding the cut-off value of 1. Our moderator analysis suggests that association between AN and insulin sensitivity was 
moderated by BMI of the clinical group (β=-0.733; p=0.030) but not the difference in BMI between clinical and control groups 
(β=0.525; p=0.105). Of the eight studies included in the primary analysis, all had a statistically difference in BMI between clinical 
and control groups. Sensitivity analysis could not be performed. For the secondary analysis to ensure no sample overlap, data 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
from six studies (n=289) was used and random-effects meta-analysis revealed a large pooled estimate of the mean standardized 
effect sizes (g=1.57; 95% CI: 0.39, 2.74). 
 
Bulimia Nervosa and Binge-Eating Disorder 
Seven studies of patients with BN were included in the systematic review with a total of 301 participants (145 BN cases and 156 
controls), all of whom were female (Table 1) (Bello et al., 2010, Dynesen et al., 2008, Karountzos et al., 2016, Kojima et al., 2005, 
Pijl et al., 1995, Tagami et al., 2004, Yasuhara et al., 2004). Five studies were observational and used a case-control design, and 
two were randomised controlled trials in BN. Total sample sizes ranged from 21 to 99 participants. Mean (SD) age of participants 
with BN and controls ranged from 21.5 (3.4) to 27.7 (5.7), and 23.0 (2.4) to 32.3 (8.7) respectively. Mean BMI (SD) of patients 
with BN and controls ranged from 19.8 (2.1) to 22.0 (2.2), and 20.3 (1.5) to 23.1 (2.7) respectively. Mean HOMA-IR (SD) was 
reported in three of the seven studies, and ranged from 1.0 (6.0) to 2.6 (1.4) in patients with BN, and 0.3 (0.5) to 2.0 (1.0) in 
controls.  The diagnosis of BN was classified according to DSM-IV in five studies, DSM-III in one study, and was not stated in the 
remaining study. 
 
Three studies of patients with BED were included in the systematic review with a total of 3264 participants (191 BED cases and 
3,073 controls), of which 1759 were female (Table 1) (Abraham et al., 2014, Geliebter et al., 2005, Succurro et al., 2015). All 
three studies were observational: two studies used a cross-sectional design and one study used a case-control design. Total 
sample sizes ranged from 23 to 3126 participants. Mean (SD) age of patients with BED and controls ranged from 29.0 (8.4) to 
47.0 (9.3), and 33.1 (8.7) to 46.5 (9.1), respectively. Mean BMI (SD) of participants with BED and controls ranged from 33.0 (7.0) 
to 43.7 (6.8), and 27.5 (5.4) to 37.2 (6.2) respectively. Mean HOMA-IR (SD) was reported in two of the three studies, and ranged 
from 3.4 (2.5) to 11.6 (22.7) in patients with BED, and 2.2 (1.7) to 4.9 (3.1) in controls.  The diagnosis of BED was classified 
according to DSM-IV in all studies. 
 
For the primary meta-analysis, three studies have appropriate data for BN (n=120) (Pijl et al., 1995, Tagami et al., 2004, Yasuhara 
et al., 2004) and two for BED (n=3,241) (Abraham et al., 2014, Succurro et al., 2015).. Given the small number of studies 
available for BN and BED, we therefore conducted a combined meta-analysis of exploratory nature. A random-effects meta-
analysis revealed a moderate pooled estimate of the mean standardized effect sizes (g=-0.57; 95% CI: -0.80, -0.34; Figure 3).  
Two of the three BN studies showed a non-significant effect size whereas all BED studies showed a significant negative effect 
size. 
 
Heterogeneity between the studies was statistically non-significant (Q=6.07, p=0.194) and small in magnitude (I
2
=27.8%). I
2
 is 
however subject to bias where the number of studies in the meta-analysis is small (Von Hippel, 2015) and thus, I
2
 should be 
interpreted with caution. Visual inspection of the funnel plot did not suggest publication bias. The rank correlation test was also 
non-significant (τ=0.400, p=0.483) and the trim and fill sensitivity method did not hypothesis any unpublished. No study had a 
Cook’s distance exceeding the cut-off value of 1. Neither moderator analysis nor secondary analysis was conducted given the 
small number of studies available. 
 
Risk of bias and strength of evidence 
The primary strength of our meta-analysis is that reporting was complete for the majority of the studies. Mean BMI and age of 
participants were reported in all studies except one study of AN (Dolezalova et al., 2007). All case-control studies reported 
matching for controls on age, except for two studies of AN (Broglio et al., 2004, Nogueira et al., 2013) and two studies of BN (Pijl 
et al., 1995, Yasuhara et al., 2004). However, other important confounding factors such as BMI and waist circumference were 
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not controlled for, as they were integral to the diagnosis, especially for AN.  In addition, sample sizes of each individual studies 
were generally small and of the 22 studies included in the systematic review, only 12 studies reported appropriate mean HOMA-
IR for the meta-analysis, further reducing the sample sizes.  Moreover, eating disorder diagnoses were only confirmed in 7 of the 
22 studies using structured interview, with only 5 of these naming the interview used.  The overall risk of bias was therefore 
medium to high. 
 
DISCUSSION 
Main findings 
To our knowledge this is the first systematic review and meta-analysis which has been conducted to examine the association 
between eating disorders and insulin sensitivity. The main findings of this study were that i) a positive, statistically significant 
association exists between AN and increased insulin sensitivity; and ii) a negative, statistically significant association exists 
between BN/BED and insulin sensitivity. The findings in people with BN/BED is exploratory and should be interpreted with 
caution, given that the small number of studies currently available. In addition, the impact of BMI on the associations with AN 
and BN/BED could not be fully explored as there was no study with BMI-matched clinical and control groups for AN and a 
paucity of studies for BN and BED. In addition, our analysis suggests that association between AN and insulin sensitivity was 
moderated by BMI of the clinical group.  Therefore, BMI as a potential confounder of the associations remain unclear at present. 
One possible way to circumvent the effect of BMI is to examine insulin sensitivity in people who have recovered from or possibly 
at high risk of developing AN and BED. 
 
Limitations  
The study has several limitations which need to be considered when interpreting our findings. Firstly, most studies included in 
this review utilised cross-sectional or case-control study designs. Thus, one cannot directly infer a causal link between eating 
disorder subtypes and insulin sensitivity. Secondly, insulin sensitivity was measured using HOMA-IR in this meta-analysis but 
other methods to measure insulin sensitivity are available. For example, the gold standard is a hyperinsulinemic-euglycemic 
clamp.  However, it involves greater participant burden and can be unsuitable for large-scale cross-sectional studies due to 
logistic requirements and repeated sampling. In addition, a strong correlation has been demonstrated between HOMA-IR and 
the hyperinsulinemic-euglycemic clamp in the healthy population (r=0.88, p<0.0001) (Matthews et al., 1985). Thirdly, HOMA-IR 
applies a bio-mathematical model and the potential impact of severe underweight as present in AN on the accuracy of the 
measurement is unclear. The exact BMI range in which the use of HOMA-IR is valid has not yet been established [personal 
communication with HOMA developers], and thus it cannot be ruled out that the HOMA-IR method may be invalid in people 
with AN. Fourthly,  it has been suggested that asymmetry testing is only appropriate if i) I
2
<50% with non-significant Q, ii) a 
maximal-to-minimal ratio variance across studies is greater than 4, and iii) a minimum of 10 studies are analysed, with 
statistically significance in at least one study (Ioannidis and Trikalinos, 2007). Using these guidelines, the absence of publication 
bias determined through statistical testing for each analysis may not be meaningful given that all analyses violated these criteria. 
Fifthly, we were unable to explore the impact of AN-subtypes, namely AN-restricting type and AN-binge eating/purging type, on 
insulin sensitivity, given the data available.  Lastly, the studies included in this systematic review for AN and BN consist only of 
females and thus, the generalisability of our findings for males with AN or BN remain unknown. 
 
Interpretation 
A possible explanation of our findings is that insulin sensitivity may have an impact on appetite regulation via central nervous 
system. Insulin receptors are expressed at the dopaminergic neurons within the ventral tegmental area (VTA) of the midbrain 
(Volkow and Wise, 2005). The VTA region is part of the reward circuitry and involved in food seeking behaviours, providing a 
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possible mechanism for insulin to influence the motivation-reward pathways, contributing to the development or maintenance 
of eating disorders.  This explanation is currently speculative and further investigations are needed to disentangle the metabolic 
mechanism underpinning eating disorders.  
 
Implications  
This study adds weight to the notion that insulin sensitivity may be involved in the aetiology of eating disorders. To confirm our 
findings, more studies are needed to examine the associations of BN/BED and insulin sensitivity. Furthermore, the comparison 
between recovered patients and healthy controls may shed light on the relationship between eating disorders and insulin 
sensitivity. Conducting genome-wide association studies in both BN and BED and subsequently examining their genetic 
correlations with metabolic traits, such as insulin sensitivity, could also be an informative basis for future research investigating 
the metabolic underpinnings of eating disorders. Adopting a more experimental approach by measuring changes in glucose pre-
and post-meals in people with different types of eating disorders might also clarify the underlying mechanisms.   
 
CONCLUSION 
This systematic review and meta-analysis further supports the notion that AN is associated with increased insulin sensitivity. Our 
findings also tentatively suggest that BN and BED are associated with decreased insulin sensitivity. However, we could not rule 
out whether the alterations in insulin sensitivity are sequelae of or prerequisite to an eating disorder. Altered glucose 
homeostasis appears to be present across the spectrum of eating disorders, with potential implications for treatment and risk 
prediction.  
  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
ACKNOWLDEGEMENT 
HC, DS, KI, GB, JT and CK are part funded by the National Institute of Health Research (NIHR) Mental Health Biomedical Research 
Centre at South London and Maudsley NHS Foundation Trust and King's College London. MS is currently funded by NIHR and CK 
has received salary support from Novo Nordisk UK Research Foundation in the past. The views expressed are those of the 
author(s) and not necessarily those of the NHS, the NIHR or the Department of Health. 
 
 
  
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
References 
Abraham, T. M., Massaro, J. M., Hoffmann, U., Yanovski, J. A. & Fox, C. S. 2014. Metabolic characterization of adults 
with binge eating in the general population: The framingham heart study. Obesity, 22, 2441-2449. 
American Psychiatric Association 1994. Diagnostic and statistical manual of mental disorders: DSM-IV, Washington, 
DC, American Psychiatric Association. 
American Psychiatric Association 2000. Diagnostic and statistical manual of mental disorders: DSM-IV-TR., 
Washington, DC, American Psychiatric Association. 
American Psychiatric Association 2013. Diagnostic and statistical manual of mental disorders (DSM-5®), American 
Psychiatric Pub. 
Begg, C. B. & Mazumdar, M. 1994. Operating characteristics of a rank correlation test for publication bias. 
Biometrics, 50, 1088-1101. 
Bello, N. T., Coughlin, J. W., Redgrave, G. W., Moran, T. H. & Guarda, A. S. 2010. Oral sensory and cephalic hormonal 
responses to fat and non-fat liquids in bulimia nervosa. Physiology and Behavior, 99, 611-617. 
Broglio, F., Gianotti, L., Destefanis, S., Fassino, S., Abbate Daga, G., Mondelli, V., Lanfranco, F., Gottero, C., Gauna, C., 
Hofland, L., Van Der Lely, A. J. & Ghigo, E. 2004. The endocrine response to acute ghrelin administration is 
blunted in patients with anorexia nervosa, a ghrelin hypersecretory state. Clinical endocrinology, 60, 592-
599. 
Dolezalova, R., Lacinova, Z., Dolinkova, M., Kleiblova, P., Haluzikova, D., Housa, D., Papezova, H. & Haluzik, M. 2007. 
Changes of endocrine function of adipose tissue in anorexia nervosa: comparison of circulating levels versus 
subcutaneous mRNA expression. Clin Endocrinol (Oxf), 67, 674-8. 
Dostalova, I., Kavalkova, P., Haluzikova, D., Lacinova, Z., Mraz, M., Papezova, H. & Haluzik, M. 2008. Plasma 
concentrations of fibroblast growth factors 19 and 21 in patients with anorexia nervosa. J Clin Endocrinol 
Metab, 93, 3627-32. 
Dostalova, I., Kunesova, M., Duskova, J., Papezova, H. & Nedvidkova, J. 2006. Adipose tissue resistin levels in patients 
with anorexia nervosa. Nutrition, 22, 977-83. 
Dostalova, I., Smitka, K., Papezova, H., Kvasnickova, H. & Nedvidkova, J. 2007. Increased insulin sensitivity in patients 
with anorexia nervosa: the role of adipocytokines. Physiol Res, 56, 587-94. 
Duncan, L., Yilmaz, Z., Gaspar, H., Walters, R., Goldstein, J., Anttila, V., Bulik-Sullivan, B., Ripke, S., Thornton, L., 
Hinney, A., Daly, M., Sullivan, P. F., Zeggini, E., Breen, G. & Bulik, C. M. 2017. Significant Locus and Metabolic 
Genetic Correlations Revealed in Genome-Wide Association Study of Anorexia Nervosa. Am J Psychiatry, 
174, 850-858. 
Duval, S. & Tweedie, R. 2000. Trim and fill: a simple funnel-plot–based method of testing and adjusting for 
publication bias in meta-analysis. Biometrics, 56, 455-463. 
Dynesen, A. W., Bardow, A., Astrup, A., Petersson, B., Holst, J. J. & Nauntofte, B. 2008. Meal-induced compositional 
changes in blood and saliva in persons with bulimia nervosa. American Journal of Clinical Nutrition, 87, 12-
22. 
Egger, M., Davey Smith, G., Schneider, M. & Minder, C. 1997. Bias in meta-analysis detected by a simple, graphical 
test. BMJ (Clinical research ed.), 315, 629-634. 
Fazeli, P. K., Misra, M., Goldstein, M., Miller, K. K. & Klibanski, A. 2010. Fibroblast growth factor-21 may mediate 
growth hormone resistance in anorexia nervosa. J Clin Endocrinol Metab, 95, 369-74. 
Geliebter, A., Gluck, M. E. & Hashim, S. A. 2005. Plasma ghrelin concentrations are lower in binge-eating disorder. 
Journal of Nutrition, 135, 1326-1330. 
Hedges, L. V. 1981. Distribution theory for Glass's estimator of effect size and related estimators. Journal of 
educational statistics, 6, 107-128. 
Ioannidis, J. P. & Trikalinos, T. A. 2007. The appropriateness of asymmetry tests for publication bias in meta-analyses: 
a large survey. CMAJ : Canadian Medical Association journal = journal de l'Association medicale canadienne, 
176, 1091-1096. 
Karountzos, V., Deligeoroglou, E. & Panotopoulos, G. 2016. The presence of bulimia nervosa aggravates the 
unhealthy hormonal and metabolic profile in overweight and obese adolescents. 13th International Congress 
on Obesity, ICO 2016. Vancouver, BC Canada, 17, 120. 
Kojima, S., Nakahara, T., Nagai, N., Muranaga, T., Tanaka, M., Yasuhara, D., Masuda, A., Date, Y., Ueno, H., Nakazato, 
M. & Naruo, T. 2005. Altered ghrelin and peptide YY responses to meals in bulimia nervosa. Clinical 
endocrinology, 62, 74-78. 
Maimoun, L., Guillaume, S., Lefebvre, P., Philibert, P., Bertet, H., Picot, M. C., Gaspari, L., Paris, F., Seneque, M., 
Dupuys, A. M., Courtet, P., Thomas, E., Mariano-Goulart, D., Bringer, J., Renard, E. & Sultan, C. 2016. 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Evidence of a link between resting energy expenditure and bone remodelling, glucose homeostasis and 
adipokine variations in adolescent girls with anorexia nervosa. Osteoporos Int, 27, 135-46. 
Matthews, D. R., Hosker, J. P., Rudenski, A. S., Naylor, B. A., Treacher, D. F. & Turner, R. C. 1985. Homeostasis model 
assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations 
in man. Diab tologia, 28, 412-419. 
Mitchell, J. E. 2015. Medical comorbidity and medical complications associated with binge-eating disorder. 
International Journal of Eating Disorders. 
Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G. & Prisma, G. 2009. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. PLoS med, 6, e1000097. 
Nogueira, J. P., Valero, R., Maraninchi, M., Lorec, A. M., Samuelian-Massat, C., Begu-Le Corroller, A., Nicolay, A., 
Gaudart, J., Portugal, H. & Vialettes, B. 2013. Growth hormone level at admission and its evolution during 
refeeding are predictive of short-term outcome in restrictive anorexia nervosa. Br J Nutr, 109, 2175-81. 
Pijl, H., Cohen, A. F., Verkes, R. J., Koppeschaar, H. P., Iestra, J. A., Schoemaker, H. C., Frolich, M., Onkenhout, W. & 
Meinders, A. E. 1995. Plasma amino acid ratios related to brain serotonin synthesis in response to food 
intake in bulimia nervosa. Biological psychiatry, 38, 659-668. 
Prince, A. C., Brooks, S. J., Stahl, D. & Treasure, J. 2009. Systematic review and meta-analysis of the baseline 
concentrations and physiologic responses of gut hormones to food in eating disorders. The American Journal 
of Clinical Nutrition, 89, 755-765. 
Raevuori, A., Suokas, J., Haukka, J., Gissler, M., Linna, M., Grainger, M. & Suvisaari, J. 2015. Highly increased risk of 
type 2 diabetes in patients with binge eating disorder and bulimia nervosa. International Journal of Eating 
Disorders, 48, 555-562. 
Stroup, D. F., Berlin, J. A., Morton, S. C., Olkin, I., Williamson, G. D., Rennie, D., Moher, D., Becker, B. J., Sipe, T. A. & 
Thacker, S. B. 2000. Meta-analysis of observational studies in epidemiology: a proposal for reporting. Meta-
analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA, 283, 2008-2012. 
Succurro, E., Segura-Garcia, C., Ruffo, M., Caroleo, M., Rania, M., Aloi, M., De Fazio, P., Sesti, G. & Arturi, F. 2015. 
Obese Patients With a Binge Eating Disorder Have an Unfavorable Metabolic and Inflammatory Profile. 
Medicine (Baltimore), 94, e2098. 
Tagami, T., Satoh, N., Usui, T., Yamada, K., Shimatsu, A. & Kuzuya, H. 2004. Adiponectin in anorexia nervosa and 
bulimia nervosa. Journal of Clinical Endocrinology & Metabolism, 89, 1833-1837. 
Tanaka, M., Tatebe, Y., Nakahara, T., Yasuhara, D., Sagiyama, K.-I., Muranaga, T., Ueno, H., Nakazato, M., Nozoe, S.-I. 
& Naruo, T. 2003. Eating pattern and the effect of oral glucose on ghrelin and insulin secretion in patients 
with anorexia nervosa. Clinical endocrinology, 59, 574-579. 
Victor, V. M., Rovira-Llopis, S., Saiz-Alarcon, V., Sanguesa, M. C., Rojo-Bofill, L., Banuls, C., De Pablo, C., Alvarez, A., 
Rojo, L., Rocha, M. & Hernandez-Mijares, A. 2015. Involvement of leucocyte/endothelial cell interactions in 
anorexia nervosa. Eur J Clin Invest, 45, 670-8. 
Volkow, N. D. & Wise, R. A. 2005. How can drug addiction help us understand obesity? Nature neuroscience, 8, 555-
560. 
Von Hippel, P. T. 2015. The heterogeneity statistic I(2) can be biased in small meta-analyses. BMC Medical Research 
Methodology, 15, 35. 
Weinbrenner, T., Zittermann, A., Gouniberthold, I., Stehle, P. & Berthold, H. K. 2003. Body mass index and disease 
duration are predictors of disturbed bone turnover in anorexia nervosa. A case-control study. European 
journal of clinical nutrition, 57, 1262-1267. 
World Health Organization 1992. The ICD-10 classification of mental and behavioural disorders: clinical descriptions 
and diagnostic guidelines, Geneva: World Health Organization. 
Yasuhara, D., Naruo, T., Nagai, N., Tanaka, M., Muranaga, T. & Nozoe, S. 2003. Insulinogenic index at 15 min as a 
marker of nutritional rehabilitation in anorexia nervosa. Am J Clin Nutr, 77, 292-9. 
Yasuhara, D., Tatebe, Y., Nakayama, T., Muranaga, T., Nozoe, S.-I. & Naruo, T. 2004. Insulinogenic index at 15 min as 
a marker of stable eating behavior in bulimia nervosa. Clinical Nutrition, 23, 711-720. 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
Table 1. Summary table of studies included in the systemic review 
Author Year Country Study type ED diagnostic tool Sample  Female  Age, BMI,  HOMA-IR,  
    (classification) (n) (%) Mean (SD) Mean (SD) Mean (SD) 
     
[ED] [ED] [ED] [ED] [ED] 
     
[HC] [HC] [HC] [HC] [HC] 
ANOREXIA NERVOSA 
Broglio
a
 2004 The  Case-control NA 9 100 24·2 (5.4) 14·7 (1.2) NA 
  
Netherlands 
 
(DSM IV) 7 100  30·6 (8.2) 20·3 (1.3) 
 
          
Dolezalova 2007 Czech  Case-control Clinical evaluation 12 100 NA 16.4 (1.4) 2.0 (0.6) 
  
Republic 
 
(DSM IV) 18 100 
 
23.0 (2.8) 3.0 (1.9) 
          
Dostalova
b
 2006 Czech  Case-control Detailed psychiatric evaluation  13 100 23.4 (5.0) 15.2 (1.9)  0.8 (1.1) 
  
Republic 
 
(DSM IV) 16 100 24.1 (4.8) 21.2 (1.3) 2.8 (1.5 ) 
          
Dostalova
b
 2007 Czech  Case-control Detailed psychiatric evaluation 10 100 24.4 (5.0) 15.4 (1.9)  0.4 (0.2) 
  
Republic 
 
(DSM IV) 12 100 23.3 (4.5) 20.9 (2.4) 0.9 (0.2) 
          
Dostalova 2008 Czech  Cross-sectional, case-control Mini-International  17 100 25.0 (5.5) 15.9 (1.4)  2.1 (0.5) 
  
Republic 
 
Neuropsychiatric Interview 17 100 24.7 (2.4) 22.9 (1.7) 2.8 (1.3) 
    
(DSM IV) 
     
          
Fazeli
a
 2010 USA Cross-sectional, case-control Interview 11 100 16.5 (2.0) 16.4 (1.0)  NA 
    
(DSM IV)  12 100 15.7 (1.7) 22.2 (3.5) 
 
          
Maïmoun 2016 France Cross-sectional, case-control NA 50 100 18.0 (2.1) 15.7 (1.8)  0.9 (0.7) 
    
(DSM IV) 50 100 18.1 (2.7) 21.1 (2.2) 2.2 (0.9) 
          
Nogueira 2013 France Case-control NA 11 100 21.9 (1.2) 13.1 (0.2) 0.5 (0.2) 
    
(DSM IV) 10 100 24.6 (0.5) 22.3 (0.5) 1.5 (0.2) 
          
Tagami
c
 2004 Japan Case-control NA 31 100 25.5 (8.1) 14.0 (2.5)  1.0 (1.2) 
    
(DSM IV) 13 100 25.7 (2.9) 20.3 (1.5) 2.0 (1.0) 
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Author Year Country Study Type ED diagnostic tool Sample  Female  Age, BMI,  HOMA-IR,  
    (classification) (n) (%) Mean (SD) Mean (SD) Mean (SD) 
     [ED] [ED] [ED] [ED] [ED] 
     [HC] [HC] [HC] [HC] [HC] 
ANOREXIA  NERVOSA (continued) 
Tanaka
a
 2003 Japan Case-control NA 20 100 19.6 (4.5) 13.5 (1.4)  NA 
    
(DSM IV) 10 100 21.0 (1.9) 21.4 (1.3) 
 
          
Victor 2015 Spain Cross-sectional, case-control NA 24 100 22.4 (6.8) 16.3 (1.6)  0.7 (0.5) 
    
(DSM IV-TR) 36 100 24.3 (3.4) 20.9 (1.4) 1.4 (0.5) 
          
Weinbrenner
a
 2003 Germany Case-control NA 51 100 24.2 (7.1) 15.2 (1.4)  NA 
    
(DSM IV) 51 100 25.5 (6.4) 22.1 (1.4) 
 
          
Yasuhara
a^
 2003 Japan Case-control Structured interview 48 100 23.5 (5.0) 13.5 (1.8)  NA 
    
(DSM IV) 13 100 23.8 (1.8) 20.9 (1.0) 
 
BULIMIA NERVOSA 
Bello
a
 2010 USA Randomised controlled trial NA 10 100 23.8 (4.6) 21.9 (1.8) NA 
    
(DSM IV) 11 100 24.8 (6.5) 23.1 (2.7) 
 
          
Dynesen
a
 2008 Denmark Case-control Structured interview 19 100 24 .0 (4.2) 21.5 (3.3) NA 
    
(DSM IV) 20 100 23.0 (2.4) 21.4 (2.8) 
 
          
Karountzos
a
 2016 Canada Case-control NA 32 100 NA NA NA 
    
(NA) 67 100 
   
          
Kojima
a
 2005 Japan Case-control NA 10 100 24.7 (4.7) 20.0 (1.9) NA 
    
(DSM IV) 12 100 24.8 (2.8) 20.2 (1.7) 
 
          
Pijl 1995 The Netherlands Randomised controlled trial NA 15 100 27.7 (5.7) 22.0 (2.2) 1.2 (1.2)   
    
(DSM III) 19 100 32.3 (8.7) 22.5 (1.9) 0.3 (0.5) 
          
Tagami
c
 2004 Japan Case-control NA 11 100 23.5 (3.9)   20.5 (1.8) 2.6 (1.4) 
    
(DSM IV) 13 100 25.7 (2.9) 20.3 (1.5) 2.0 (1.0) 
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Author Year Country Study Type ED diagnostic tool Sample  Female  Age, BMI,  HOMA-IR,  
    (classification) (n) (%) Mean (SD) Mean (SD) Mean (SD) 
     [ED] [ED] [ED] [ED] [ED] 
     [HC] [HC] [HC] [HC] [HC] 
BULIMIA  NERVOSA (continued) 
Yasuhara 2004 Japan Case-control Mini-International  48 100 21.5 (3.4) 19.8 (2.1) 1.0 (0.6) 
    
Neuropsychiatric Interview 14 100 23.1 (1.5) 21.5 (1.1) 1.1 (0.5) 
    
(DSM IV) 
     
BINGE EATING DISORDERS 
Abraham
d
 2014 USA Cross-sectional Questionnaire on Eating  150 52.9 47.0 (9.3) 33.0 (7.0) 3.4 (2.5) 
    
and Weight Patterns-Revised 2976 51.8 46.5 (9.1) 27.5 (5.4) 2.2 (1.7) 
    
(DSM IV) 
     
          
Geliebter
a
 2005 USA Case-control Questionnaire on Eating  11 100 29.0 (8.4) 36.6 (6.2) NA 
    
and Weight Patterns & Clinical  12 100 33.1 (8.7) 35.3 (5.5) 
 
    
Interview (DSM IV) 
     
          
Succurro 2015 Italy Cross-sectional Structured interview 30 73.3 36.8 (12.7) 43.7 (6.8) 11.6 (22.7) 
    
(DSM IV) 85 62.4 41.8 (12.8) 37.2 (6.2) 4.9 (3.1) 
 
 
a
 Not included in meta-analysis.
 
 
b
 Excluded from the secondary analysis of the meta-analysis to ensure that there is no sample overlap.
 
c
 The study examined both AN and BN clinical groups.  The control group is the same for both AN and BN clinical groups.  
d
 HOMA-IR analyses exclude participants with diabetes. Baseline characteristics include individuals with diabetes (n=172 for BED group, n=3,127 for HC group) 
 
n: number of subjects; ED: eating disorders; HC: healthy controls; SD: standard deviation; BMI: body mass index; HOMA-IR: Homeostatic Model assessment-insulin resistance; NA: not 
available; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders, fourth edition; DSM-IV-TR: Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision; DSM-
III: Diagnostic and Statistical Manual of Mental Disorders, third edition. 
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Figure 1.  Flow chart of studies included in systematic review and meta-analysis  
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Figure 2.  Insulin sensitivity in patients with anorexia nervosa and controls. 
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Figure 3.  Insulin sensitivity in patients with bulimia nervosa/binge-eating disorders and controls. 
 
